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ORW RI LQFRQYHQLHQFH IRU GRPHVWLF XVHUV DQG KXJH ILQDQFLDO ORVVHV IRU LQGXVWULHV :LWK WKH H[LVWLQJ FHQWUDOL]HG
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JHQHUDWLRQDQGGLVWULEXWLRQPRGHOPRVWRIWKHJULGVKDYHUHDFKHGWKHLURSWLPXPVL]HDQGVFDOLQJXSRIWKHVHJULGV
FDQOHDGWRIUHTXHQWJULGIDLOXUHV(IILFLHQWPDQDJHPHQWRIWKHDYDLODEOHUHVRXUFHVLVWKHQHHGRIWKHKRXU,QRUGHU
WR KDYH D EHWWHU FRQWURO DQG KLJKHU XWLOL]DWLRQ 3RZHU FRPSDQLHV DUH ORRNLQJ IRUZDUG WRZDUGV GHFHQWUDOL]HG
JHQHUDWLRQDQGGLVWULEXWLRQRISRZHUZKLFK UHTXLUHVD UHOLDEOHELGLUHFWLRQDOFRPPXQLFDWLRQEHWZHHQYDULRXVJULG
FRPSRQHQWV8QGHUWKHVHFLUFXPVWDQFHVVXLWDEOHWHFKQRORJLHVKDVDODUJHUUROHWRSOD\E\LQFRUSRUDWLQJLQWHOOLJHQFH
WRHYHU\JULGFRPSRQHQWDVZHOODV WR WKHRYHUDOOJULG LQIUDVWUXFWXUH ,PSOHPHQWDWLRQRIDSSURSULDWH'HPDQG6LGH
0DQDJHPHQW'60WHFKQLTXHVZLWKWKHKHOSRIWKHVHLQWHOOLJHQWGHYLFHVZLOOSURYLGHDEHWWHUH[SHULHQFHIRUWKHHQG
XVHUV60$57*5,'SHUIHFWO\ILWVLQWRWKLVVSDFHE\SURYLGLQJDJULGLQIUDVWUXFWXUHZLWKDQLPSURYHGHIILFLHQF\DQG
UHOLDELOLW\DORQJZLWKVPRRWKLQWHJUDWLRQRIUHQHZDEOHDQGDOWHUQDWHHQHUJ\VRXUFHVWKURXJKDXWRPDWHGFRQWURODQG
FRPPXQLFDWLRQWHFKQRORJLHV

$QLPSRUWDQWDUHDRILPSURYHPHQWLQ'60LVWKHDFWLYHUROHRIWKHFXVWRPHUVZKRFDQFRQWUROWKHLUHQHUJ\XVDJH
PRUHHIILFLHQWO\LQUHVSRQVHWRWKHYDULDEOHHQHUJ\VXSSO\FRQGLWLRQVSULFHV&RQVXPHUVFDQEHFKDUJHGDWYDULDEOH
UDWHV EDVHGRQ WKH7LPH2I8VDJH 728ZLWKKLJKHU UDWHV IRU WKHSHDNSHULRG DQG ORZHU UDWHV IRU WKH QRQSHDN
SHULRG7KLVFDQOXUHWKHFXVWRPHUVWRSODQWKHLUXVDJHIRUWKHLURZQEHQHILWDVZHOODVUHGXFLQJWKHORDGGXULQJWKH
SHDN SHULRG7KLV UHTXLUHVPHFKDQLVPV WR FDSWXUH WKH HQHUJ\ XVDJH RI WKH FXVWRPHU DW DPRUH IUHTXHQW LQWHUYDO
SUREDEO\RQDQKRXUO\EDVLVUDWKHUWKDQWKHFXUUHQWPHFKDQLVPRIELPRQWKO\RUPRQWKO\UHDGLQJV%\XSJUDGLQJWKH
H[LVWLQJJULGZLWK IHDWXUHV IRU WKHDERYH IXQFWLRQDOLWLHVZHFDQHVWDEOLVKD VPDUWJULG7KLV UHTXLUHVD ODUJH VFDOH
GHSOR\PHQW RI FDSDEOH VHQVLQJ DQG FRQWURO PHFKDQLVP DORQJ ZLWK D GHGLFDWHG WZR ZD\ FRPPXQLFDWLRQ
LQIUDVWUXFWXUH WR HIIHFWLYHO\ FRQWURO WKH VPRRWK RSHUDWLRQV RI WKH JULG:LUHOHVV 6HQVRU1HWZRUNV FRQVLVWV RI ORZ
SRZHUVHQVRUQRGHVZLWKOLPLWHGFRPSXWDWLRQDOFDSDELOLW\WKDWDUHFDSDEOHRIPHHWLQJWKHUHTXLUHPHQWRISHUYDVLYH
FRPPXQLFDWLRQDQGFRQWUROFDSDELOLWLHVDWORZFRVW7KLVLVRQHRIWKHPRVWVRXJKWDIWHUWHFKQRORJLHVIRUVPDUWJULG
$OWKRXJKWKHFRPSRQHQWVRIWKHJULGDUHLPPRELOHWKHTXDOLW\RIOLQNVEHWZHHQDQ\WZRSDLUVRIFRPSRQHQWVLVQRW
FRQVWDQWDQGLVYXOQHUDEOHWRIDGLQJHIIHFWVDQGVLJQDO LQWHUIHUHQFHPDNLQJWKHPDORVV\QHWZRUN:LWKORZSRZHU
LQGLYLGXDOQRGHVDQGWKHXQSUHGLFWDEOHQDWXUHRIWKHOLQNV:61FDQEHFODVVLILHGDVDORZSRZHUDQGORVV\QHWZRUN
$SSURSULDWHURXWLQJSURWRFROVZLWKKLJKUHOLDELOLW\DORQJZLWKORZODWHQF\QHHGWREHGHVLJQHGDQG53/ILWVZHOOIRU
VXFKNLQGRIDSSOLFDWLRQ53/LVDQLQWHUQHWURXWLQJSURWRFROVSHFLILFDOO\GHVLJQHGIRUZLUHOHVVVHQVRUQHWZRUNVDQG
VWDQGDUGL]HGE\WKH,(7
6PDUW*ULG
:KHQWKHOHJDF\SRZHUWUDQVPLVVLRQLQIUDVWUXFWXUHLVDXJPHQWHGZLWKDFRPPXQLFDWLRQLQIUDVWUXFWXUHDQGVPDUW
FRPSRQHQWVLWEHFRPHVDVPDUWJULG7KLVFRPPXQLFDWLRQLQIUDVWUXFWXUHPDNHVLWHDV\IRUWKHH[FKDQJHRIFRQWURO
DQGVWDWHLQIRUPDWLRQRIWKHSDUWLFLSDWLQJFRPSRQHQWVLQWKHJULG$FFRUGLQJWR(URO.DQWDUFL	0RXIWDK>@
7KHPDLQREMHFWLYHVRIWKHVPDUWJULGDUHDVIROORZV
x $OORZLQJWZRZD\IORZRILQIRUPDWLRQDQGHOHFWULFLW\
x %HLQJIXWXUHSURRIZLWKVFDODEOHDUFKLWHFWXUH
x ,QVWLJDWHHIILFLHQW&XVWRPHU(QHUJ\0DQDJHPHQW
x %HLQJ6HOI+HDOLQJDQG(QYLURQPHQWIULHQGO\

6PDUWJULGHQDEOLQJQHWZRUNPDQDJHPHQWVWUDWHJLHVSURYLGHHIIHFWLYHJULGLQWHJUDWLRQRI'LVWULEXWHG5HQHZDEOH
(QHUJ\5HVRXUFHV'(5DORQJZLWKDSURSHU'HPDQG6LGH0DQDJHPHQW'60RISRZHUXVDJHE\SURYLGLQJUHDO
WLPHGDWDIURPWRWKHFRQWUROFHQWHUVDVZHOODVWKHVPDUWFRQWUROXQLWDWWKHFXVWRPHUSUHPLVHV
'HPDQG6LGH0DQDJHPHQW'60
'HPDQG6LGH0DQDJHPHQWDUHPHFKDQLVPVXVHGWRFRQWURO WKHHQHUJ\FRQVXPSWLRQDW WKHFXVWRPHUVLGHRIWKH
PHWHUZLWKWKHREMHFWLYHWRHIIHFWLYHO\XVHWKHDYDLODEOHHQHUJ\ZLWKRXWLQVWDOOLQJQHZJHQHUDWLRQDQGWUDQVPLVVLRQ
LQIUDVWUXFWXUH DV PHQWLRQHG E\ 5DG HW DO>@ '60 SURJUDPV LQFOXGH FRQVHUYDWLRQ DQG HQHUJ\ HIILFLHQF\
SURJUDPV IXHO VXEVWLWXWLRQ SURJUDPV GHPDQG UHVSRQVH SURJUDPV DQG ORDG PDQDJHPHQW SURJUDPV /RDG
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PDQDJHPHQWSURJUDPVXVXDOO\DLPDWUHGXFLQJFRQVXPSWLRQDQGRUVKLIWLQJRIFRQVXPSWLRQIURPSHDNWRQRQSHDN
KRXUV 5HGXFWLRQ LQ FRQVXPSWLRQ FDQ EH DFKLHYHG E\ HQFRXUDJLQJ HQHUJ\ DZDUH FRQVXPSWLRQ SDWWHUQV 6KLIWLQJ
FRQVXPSWLRQSDWWHUQFDQEHDWWDLQHGE\PDNLQJWKHFXVWRPHUVWRXVHKLJKSRZHUKRXVHKROGDSSOLDQFHVWRRIISHDN
KRXUV WR UHGXFH WKH3HDN WR$YHUDJH5DWLR 3$5 LQ ORDGGHPDQG2QHPHWKRGRI ORDGPDQDJHPHQW LV FDOOHG DV
'LUHFW/RDG&RQWURO'/&ZKHUHEDVHGRQWKHDJUHHPHQWEHWZHHQWKHXWLOLW\FRPSDQ\DQGWKHFXVWRPHUWKHXWLOLW\
FRPSDQ\ZLOOUHPRWHO\FRQWUROWKHRSHUDWLRQVRIWKHFHUWDLQKLJKSRZHUGHYLFHVRIWKHKRXVHKROG+RZHYHULQWKLV
PHWKRGXVHUVSULYDF\FDQEHDPDMRUFRQFHUQDQGDEDUULHULQLPSOHPHQWLQJ'/&$QRWKHUDSSURDFKIRU'/&LVWR
KDYH D VPDUW SULFLQJPHFKDQLVPZKHUH XVHUV DUH HQFRXUDJHG WR LQGLYLGXDOO\ DQG YROXQWDULO\PDQDJH WKHLU ORDGV
0HWKRGV WKDW FDQEH IROORZHG IRU LPSOHPHQWLQJ WKLV DSSURDFK LQFOXGH&ULWLFDO3HDN3ULFLQJ &337LPH2I8VH
3ULFLQJ728DQG5HDO7LPH3ULFLQJ573DVGLVFXVVHG LQ5DGHWDO>@3HGUDP6DPDGLHWDO>@
KDV VWXGLHGRQ D LQIUDVWUXFWXUHRI D VLQJOH HQHUJ\ VRXUFH VKDUHG DPRQJPDQ\ VXEVFULEHV WR DUULYH DW DQ UHDO WLPH
SULFLQJPHFKDQLVP IRU WKH VPDUW JULG$8WLOLW\PD[LPL]DWLRQ DOJRULWKP LPSOHPHQWHG LQ D GLVWULEXWHGPDQQHU WR
PD[LPL]HWKHDJJUHJDWHXWLOLW\RIDOOXVHUVDQGPLQLPL]HWKHFRVWIRUWKHSURYLGHUE\NHHSLQJWKHWRWDOFRQVXPSWLRQ
EHORZWKHJHQHUDWLQJFDSDFLW\ZDVSURSRVHGDQGFRQILUPHGXVLQJVLPXODWHGUHVXOWV
$GYDQFHG0HWHULQJ,QIUDVWUXFWXUH
$GYDQFHG0HWHULQJ,QIUDVWUXFWXUH $0, LVQHHGHG WR LQWHUFRQQHFW WKH VPDUWPHWHUVFRQQHFWHGDW WKHFXVWRPHU
SUHPLVHVZLWK WKH FRQWURO FHQWHUV RI WKH XWLOLW\ FRPSDQ\$FFRUGLQJ WR 6DSXWUR HW DO>@$ZHOO GHVLJQHG
$0,VHWXSFDQEHVHHQDVKDYLQJGLIIHUHQWOD\HUVSOLWDFURVVWKHWKUHHLPSRUWDQWIXQFWLRQDOLWLHVDGGUHVVHGE\WKH
QHWZRUNDVVKRZQLQ)LJ

)LJ6FKHPDWLFRID&RPPXQLFDWLRQDUFKLWHFWXUHIRUVPDUWJULG6DSXWURHWDO>@
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7KH$0,FDQDOVRDFWDVDGDWDDFTXLVLWLRQPHFKDQLVPZKLFKFDQSURDFWLYHO\GLDJQRVHDQGWDNHQHFHVVDU\FRQWURO
DFWLRQV UHODWHG WR JULG PDLQWHQDQFH RQ WRS RI WKH VXSSRUW SURYLGHG IRU '60 $Q H[WHQGHG YHUVLRQ RI WKH $0,
QHWZRUN LV ORRNHG XS RQ WR LQWHUFRQQHFW ODUJH QXPEHUV RI GLIIHUHQW LQWHOOLJHQW HOHFWURQLF GHYLFHV,('V WKDW DUH
VHQVRUEDVHGFRQWUROOHUVRISRZHUV\VWHPHTXLSPHQWVOLNHIHHGHUDQGVXEVWDWLRQWUDQVIRUPHUVFLUFXLWEUHDNHUVHWF
ZKLFK DUH ZLGHO\ GLVSHUVHG ZLWKLQ WKH VPDUW JULG $GYDQFHV LQ %URDGEDQG ZLUHOHVV WHFKQRORJLHV KDYH PDGH LW
IHDVLEOH WR KDYH GDWD UDWHV DQG QHWZRUN FDSDELOLWLHV FRPSDUDEOH WR WKDW RI ZLUHG QHWZRUNV :LUHOHVV 6HQVRU
1HWZRUNV:61 SURYLGH VLJQLILFDQW DGYDQWDJHV RYHU WUDGLWLRQDO ZLUHG FRPPXQLFDWLRQV PHWKRGV OLNH 3/&& E\
KDYLQJ KLJKHU IOH[LELOLW\ UDSLG GHSOR\PHQW ORZ LQVWDOODWLRQ FRVW DV ZHOO DV DJJUHJDWHG LQWHOOLJHQFH YLD SDUDOOHO
SURFHVVLQJ DV REVHUYHG E\ *XQJRU HW DO >@ +DYLQJ ODUJH QXPEHU RI ZLUHOHVV QRGHV VSUHDG RYHU D ODUJH
JHRJUDSKLF DUHDPDNHV LW QHFHVVDU\ WR KDYH DQ DSSURSULDWH URXWLQJ DQG GDWD IRUZDUGLQJPHFKDQLVP LQPXOWLKRS
QHWZRUNVWRILQGKLJKTXDOLW\QHWZRUNSDWKV7KHVHURXWLQJSURWRFROVPXVWJXDUDQWHHWKDWWKHPHDVXUHGGDWDDVZHOO
DV WKH GLVSDWFK RI WKH FRQWURO FRPPDQGV DUH FDUULHG RXW LQ D UHOLDEOH DQG WLPHO\ PDQQHU DFURVV GHYLFHV 7KLV
UHTXLUHPHQWPDNHVWKHGHVLJQRIDQHIIHFWLYHFRPPXQLFDWLRQSURWRFROGLIILFXOWIRU:61VGHSOR\HGIRU$0,V
6PDUW*ULG&RPPXQLFDWLRQ
6LJQLILFDQFHRIVPDUWJULGLQWKHGHPDQGUHVSRQVHPDQDJHPHQWDQGWKHUROHZLUHOHVVVHQVRUQHWZRUNVFDQSOD\LV
GLVFXVVHGE\6DQJ+\XQ/HHHWDO>@7KHUROHRIFRPPXQLFDWLRQEDVHGGHPDQGPDQDJHPHQWWHFKQLTXHVLQ
VKLIWLQJ WKH FRQVXPHU GHPDQGV WR RIISHDN KRXUV DQG LQKRPH (QHUJ\ PDQDJHPHQW XVLQJ D  IX]]\ VFKHGXOLQJ
DOJRULWKPV ZDV VLPXODWHG WR DUULYH DW D VFKHGXOH F\FOH IRU FHUWDLQ KLJKSRZHU DSSOLDQFHV (URO.DQWDUFL 	
0RXIWDK>@ >@ REVHUYHG WKDW SHUIRUPDQFH RI:61 LQ WHUPV RI GHOLYHU\ UDWLR GHOD\ DQG 3DFNHW
'HOD\9DULDQFH IRU YDU\LQJ LQWHU DUULYDOWLPHV DQG YDU\LQJ QHWZRUN VL]HV ZHUH VWXGLHG DQG LW ZDV REVHUYHG WKDW
GHOLYHU\ UDWLRGHOD\DQG3'9 LPSURYHVDV WKHSDFNHW LQWHUDUULYDO WLPHRI WKH VHQVLQJDSSOLFDWLRQ LQFUHDVHV7KLV
OHDGV XV WR FRQFOXGH WKDW WKH SHUIRUPDQFH RI '60 VHUYLFHV LQFUHDVHV DV WKH LQWHQVLW\ RI RWKHU PRQLWRULQJ
DSSOLFDWLRQVWKDWVKDUHWKH:61UHVRXUFHVGHFUHDVH(URO.DQWDUFLHWDO>@KDYHPRGHOOHGDHQHUJ\GHPDQG
IROORZLQJD3RLVVRQSURFHVVXVLQJDVLPXODWLRQSURJUDPDQGZLUHOHVVVHQVRUEDVHGGDWDFROOHFWLRQXVLQJ]LJEHHWR
DQDO\]H WKH HIIHFW RI'60 IRU WKH FRQVXPHU DQG IRXQG LW WR EHPXFK EHQHILFLDO IRU WKH FRQVXPHU   6PDUW JULG
FRPPXQLFDWLRQ WHFKQRORJLHV LQFOXGH ERWK ZLUHG FRPPXQLFDWLRQ DV ZHOO DV ZLUHOHVV FRPPXQLFDWLRQ 9HKEL HW
DO >@ GLVFXVVHV WKH DGYDQWDJHV GLVDGYDQWDJHV UHOLDELOLW\ VHFXULW\ 	 UREXVWQHVV LVVXHV DV ZHOO DV WKH
UHTXLUHPHQWVLQWHUPVRIVFDODELOLW\RIGLIIHUHQWFRPPXQLFDWLRQWHFKQRORJLHVIRUVPDUWJULG7KHQHWZRUNWRSRORJ\
DQGWKHURXWLQJWHFKQRORJLHVWRHVWDEOLVKWKHZLUHOHVVVHQVRUQHWZRUNIRU$XWRPDWHG0HWHU5HDGLQJ$05DQGWKH
'60LVGLVFXVVHGE\/L/LHWDO>@

$ SURWRFRO LPSOHPHQWDWLRQ EDVHG RQ WKH IUDPHZRUN RI WKH ,3Y URXWLQJ SURWRFRO IRU /RZ 3RZHU DQG /RVV\
1HWZRUNVDQGLWVVXLWDELOLW\IRU$0,LVGLVFXVVHGE\'L:DQJHWDO>@53/VXSSRUWVLQZDUGXQLFDVWDVZHOODV
RXWZDUGXQLFDVWGDWDWUDQVIHUZKLFKKHOSVLQWUDQVIHURIPHWHUUHDGLQJDVZHOODVFRQWUROGDWDUHVSHFWLYHO\IURPWKH
FRQVXPHU DQG WKH SURYLGHU $ GHWDLOHG VWXG\ RI WKH VXLWDELOLW\ RI 53/ LQ :61 IRU VPDUW JULG LV GLVFXVVHG LQ
$QFLOORWWL HW DO  >@>@ E\ SURYLGLQJ WKH53/ VSHFLILFDWLRQ DQG WKH GHVLJQ SULQFLSOHV WRJHWKHUZLWK URXWLQJ
DOJRULWKP5HVXOWVRIH[SHULPHQWDOSHUIRUPDQFHHYDOXDWLRQRI53/IRUGLIIHUHQWQHWZRUNVHWWLQJVWRXQGHUVWDQGWKH
LPSDFWRIWKHSURWRFRODWWULEXWHVRQWKHQHWZRUNEHKDYLRUQDPHO\LQWHUPVRIFRQYHUJHQFHWLPHHQHUJ\SDFNHWORVV
DQG SDFNHW GHOD\ DUH GLVFXVVHG E\ *DGGRXU 	 .RXEDD >@ 7KHLU VWXG\ KDV FRQFOXGHG WKDW 53/ LV D
SURPLVLQJURXWLQJSURWRFROIRU/RZSRZHU/RVV\1HWZRUNV//1VDVWKH\SURYLGHJUHDWHUOHYHORIIOH[LELOLW\WRGHDO
ZLWKGLIIHUHQW UHTXLUHPHQWVRI WKHXQGHUO\LQJDSSOLFDWLRQV&RPSDUDWLYHVWXG\RI53/DJDLQVW WKH&ROOHFWLRQ7UHH
3URWRFRO&73 KDV EHHQ FDUULHG RXW E\ -HRQJ*LO.R HW DO >@  7KH\ KDYH FRPSDUHG WKH SHUIRUPDQFH RI
7LQ\53/DQPRGHOLPSOHPHQWDWLRQRI53/XVLQJ7LQ\26WRWKDWRIWKHGHIDFWRURXWLQJSURWRFRO&73XVHGIRUPHVK
QHWZRUNLQJLQ7LQ\26,WZDVFRQFOXGHGLQWKHLUVWXG\WKDW53/SHUIRUPVHTXDOO\ZHOORUEHWWHUWKDQ&73IRUPRVW
RIWKHSDUDPHWHU0RUHRYHU53/DOVRSURYLGHVDGGLWLRQDOIOH[LELOLW\ZKLFKFDQEHDOWHUHGDFFRUGLQJWRWKHQHHGRI
WKHDSSOLFDWLRQ
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5RXWLQJ3URWRFROIRU/RZ3RZHU/RVV\1HWZRUNV53/
5RXWLQJ3URWRFROIRU/RZSRZHU/RVV\1HWZRUNV53/LVDURXWLQJSURWRFROZKLFKZDVUHFHQWO\VWDQGDUGL]HGE\
WKH ,(7) ZRUNLQJ JURXS  IRU ORZ SRZHU DQG ORVV\1HWZRUNV 53/ ILQGV QHLJKERUV DQG HVWDEOLVKHV URXWHV XVLQJ
,&03YPHVVDJHH[FKDQJHVDQGPDQDJHVURXWHVEDVHGRQD 
UDQN
YDOXHWKDWUHSUHVHQWVQRGHV
UHODWLYHSRVLWLRQWR
WKHURRWRIWKHURXWLQJWUHH7KHNH\LGHDRI53/LVWRPDLQWDLQQHWZRUNVWDWHLQIRUPDWLRQXVLQJRQHRUPRUHGLUHFWHG
DF\FOLFJUDSKV'$*$'$*LVDGLUHFWHGJUDSKZKHUHLQDOOHGJHVDUHRULHQWHGLQVXFKDZD\WKDWQRF\FOHVH[LVW
)RUHDFK'$*FUHDWHGLQ53/WKHUHLVDURRW7KH'$*URRWW\SLFDOO\LVWKHJDWHZD\QRGHLQ$0,QHWZRUNVRUWKH
VLQNQRGHLQVHQVRUQHWZRUNV$OOHGJHVLQWKH'$*DUHFRQWDLQHGLQSDWKVRULHQWHGWRZDUGDQGWHUPLQDWLQJDWRQH
URRWQRGH(DFKQRGHLQWKH'$*LVDVVRFLDWHGZLWKDUDQNYDOXH7KHUDQNRIQRGHVDORQJDQ\SDWKWRWKH'$*URRW
VKRXOGEHPRQRWRQLFDOO\GHFUHDVLQJLQRUGHUWRDYRLGDQ\URXWLQJORRS,QRUGHUWRFRQVWUXFWD'$*WKHJDWHZD\
QRGH ZLOO LVVXH D FRQWURO PHVVDJH FDOOHG '$* ,QIRUPDWLRQ2EMHFW ',2 $',2PHVVDJH FRQYH\V LQIRUPDWLRQ
DERXWWKH'$*LQFOXGLQJ

x $'$*,'XVHGWRLGHQWLI\WKH'$*DVVRXUFHGIURPWKH'$*URRW
x 5DQNLQIRUPDWLRQXVHGE\QRGHVWRGHWHUPLQHWKHLUSRVLWLRQVLQWKH'$*UHODWLYHWRHDFKRWKHU
x 2EMHFWLYH)XQFWLRQLGHQWLILHGE\DQ2EMHFWLYH&RGH3RLQW2&3WKDWVSHFLILHVWKHPHWULFVXVHGZLWKLQWKH'$*
DQGWKHPHWKRGIRUFRPSXWLQJ'$*UDQN

$Q\RWKHUQRGHFDOOHGFOLHQWQRGHWKDWUHFHLYHVD',2PHVVDJHDQGLVZLOOLQJWRMRLQWKH'$*VKRXOGDGGWKH',2
VHQGHUWKHSUHYLRXVQRGHWUDYHOHGE\WKH',2WRLWVSDUHQWOLVWFRPSXWHLWVRZQUDQNDVVRFLDWHGZLWKWKHSDUHQW
QRGHDFFRUGLQJWRWKH2&3DQGSDVVRQWKH',2PHVVDJHZLWKWKHXSGDWHGUDQNLQIRUPDWLRQ)RUDQRGHKDYLQJ
DOUHDG\MRLQHGWKH'$*XSRQUHFHLYLQJDQRWKHU',2PHVVDJHLWPD\KDYHWKHRSWLRQWRHLWKHU
x GLVFDUGWKH',2EDVHGRQVHYHUDOFULWHULDUHFRPPHQGHGE\53/RU
x SURFHVVWKH',2WRPDLQWDLQDSRVLWLRQLQDQH[LVWLQJ'$*RU
x LPSURYHLWVSRVLWLRQE\REWDLQLQJDORZHUUDQNDFFRUGLQJWRWKH2&3DQGFXUUHQWSDWKFRVW

$IWHU WKH '$* LV FRQVWUXFWHG HDFK FOLHQW QRGH ZLOO EH DEOH WR IRUZDUG DQ\ LQZDUG WUDIILF GHVWLQHG WR WKH
JDWHZD\E\FKRRVLQJLWVPRVWSUHIHUUHGSDUHQWDVWKHQH[WKRSQRGH,QRUGHUWRVXSSRUWWKHRXWZDUGWUDIILFIURPWKH
JDWHZD\ WRDFOLHQWQRGH WKHFOLHQWQRGHVKRXOG LVVXHDFRQWUROPHVVDJHFDOOHG'HVWLQDWLRQ$GYHUWLVHPHQW2EMHFW
'$2 7KH LQIRUPDWLRQ FRQYH\HG LQ WKH '$2 PHVVDJH LQFOXGHV  WKH UDQN LQIRUPDWLRQ XVHG E\ QRGHV WR
GHWHUPLQH KRZ IDU DZD\ WKH GHVWLQDWLRQ WKH FOLHQW QRGH WKDW LVVXHV WKH '$2PHVVDJH LV DQG  UHYHUVH URXWH
LQIRUPDWLRQWRUHFRUGWKHQRGHYLVLWHGDORQJWKHRXWZDUGSDWK$IWHUSDVVLQJWKLV'$2PHVVDJHDOOWKHZD\IURPWKH
FOLHQWQRGHWRWKHJDWHZD\DFFRUGLQJWRWKHLQZDUGSDWKLQGLFDWHGE\WKH'$*DQGDOOWKHLQWHUPHGLDWHQRGHVUHFRUG
WKHUHYHUVHSDWKLQIRUPDWLRQIURPWKH'$2PHVVDJHDFRPSOHWHRXWZDUGSDWKLVHVWDEOLVKHGIURPWKHJDWHZD\WRWKH
FOLHQWQRGH7KHDERYHGDWDIORZRIDVLPSOH53/LPSOHPHQWDWLRQLVGLVFXVVHGLQ'L:DQJHWDO>@DQGZDV
PRGLILHGWRFDUU\GDWDIURPDVHULDOSRUWRIDQHQHUJ\PHWHUWRWKHURRWQRGH
6\VWHP0RGHO
0RVWRIWKHFXUUHQWO\DYDLODEOH'LJLWDO(QHUJ\PHWHUVVWRUHVYDULRXVSDUDPHWHUVRIWKHHQHUJ\FRQVXPHGLQWKHLU
LQWHUQDOUHJLVWHUV7KHVHGDWDDUHPDGHDYDLODEOHWRWKHH[WHUQDOZRUOGWKURXJKDVHULDOFRPPXQLFDWLRQLQWHUIDFHOLNH
PRGEXVSURWRFRO0RGEXVLVRIWHQXVHGWRFRQQHFWDVXSHUYLVRU\FRPSXWHUZLWKD5HPRWH7HUPLQDO8QLW578LQD
VXSHUYLVRU\FRQWURODQGGDWDDFTXLVLWLRQV\VWHPV6ODYHGHYLFHVUHVSRQGVWRWKHYDULRXVFRPPDQGLVVXHGLQWKHIRUP
RIIXQFWLRQFRGHVE\WKHVXSHUYLVRU\FRQWUROFHQWHUE\SURYLGLQJWKHDSSURSULDWHGDWDRUWULJJHULQJWKHFRUUHVSRQGLQJ
UHOD\VLQWKHFDVHRIDFWXDWRUV$OOWKHVHKDSSHQWKURXJKDVLPSOHZLUHVHULDOFRPPXQLFDWLRQ7KHDUFKLWHFWXUHRI
WKHSURSRVHGV\VWHPLVJLYHQLQ)LJ

7KHURRWQRGHLVDWWDFKHGWRD3&ZKLFKDFWVDVWKHGDWDDFFXPXODWRU$QDSSOLFDWLRQFRQWLQXRXVO\PRQLWRUVWKH
VHULDO SRUW RI  WKH 3& DQG XQSDFN WKH VHULDO GDWD DQG XSGDWHV WKH LQIRUPDWLRQ LQWR D GDWDEDVH 7KH FROOHFWHG
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LQIRUPDWLRQLVWKHQPDGHDYDLODEOHWRHQGXVHUVWKURXJKDZHELQWHUIDFH7KHVDPHLQIRUPDWLRQFDQDOVREHXVHGWR
LPSOHPHQWYDULRXV'60WHFKQLTXHV




)LJ3URSRVHG6\VWHP$UFKLWHFWXUH
,PSOHPHQWDWLRQ
7KH1HV&FRPSRQHQWDQGLQWHUIDFHVUHTXLUHGIRUWKHLPSOHPHQWDWLRQRIWKH53/DUHOLVWHGLQWKH7DEOH2QFHD
PRWHERRWVXSZLWK7LQ\53/7LQ\53/ZLOORSHUDWHLQWKH
EDFNJURXQG
RIDQDSSOLFDWLRQWRH[FKDQJHURXWHUHODWHG
PHVVDJHV ZLWK RWKHU 53/XVLQJ QRGHV 7KH 53/ 5RXWLQJ (QJLQH EHJLQV LWV RSHUDWLRQV RQFH D JOREDO DGGUHVV LV
DOORFDWHGXVLQJ WKH'+&3YSURFHVV2QFH WKH53/URXWLQJHQJLQHVWDUWVH[FKDQJLQJ',2DQG'$2PHVVDJHV LW
FDQUHFHLYHSDFNHWVIURPWKHDSSOLFDWLRQOD\HUV7KHSDFNHWVHQGLQJ,3LQWHUIDFHFDQEHFRQQHFWHGLGHQWLFDOO\WRWKH
ZD\V WKDW WKH\DUHZLUHG LQEOLS2QFH WKHSDFNHW UHDFKHV WKHSRLQW WRGLVFRYHU WKHQH[WKRSDGGUHVV RQ WKHEOLS
VWDFN53/
VURXWLQJWDEOHZLOOEHFDOOHGWRUHWULHYHWKHQH[WKRSQRGH
V,3YDGGUHVVIRUWKHVSHFLILHGGHVWLQDWLRQ
7DEOH1HV&FRPSRQHQWVDYDLODEOHIRU53/LPSOHPHQWDWLRQVRXUFH*LWKXE7LQ\2VPDLQUHSRVLWRU\
&RPSRQHQWV ,QWHUIDFHV
53/5RXWLQJ(QJLQH& 53/5RXWLQJ(QJLQH5RRW&RQWURO
53/'$25RXWLQJ(QJLQH& 53/'$25RXWLQJ(QJLQH6WG&RQWURO,&03B5$
53/5DQN& ,3B',2B)LOWHU53/5DQN6WG&RQWURO,&03B5$
53/5RXWLQJ& 5RRW&RQWURO6WG&RQWURO
53/2)& 53/2)

$WHVWDSSOLFDWLRQXVLQJWKHDERYHFRPSRQHQWVZDVZLUHGDQGFRQILJXUHGWRVHQGGDWDDFURVVWKHQHWZRUNXVLQJ
WKH 53/ SURWRFRO 7RSRORJ\ GLVFRYHU\ DQG XSGDWLQJ RI WKH URXWLQJ WDEOH IROORZHG E\ SDFNHW IRUZDUGLQJ ZDV
DQDO\]HGXVLQJDVQLIILQJWRROFDOOHG3HU\WRQ$QDO\]HU7RSRORJ\GLVFRYHU\DQGWKHIUDPHGHWDLOVDUHJLYHQLQWKH
)LJ6PDUWPHWHUVDUHRQHRI WKHPRVW LPSRUWDQWFRPSRQHQWVRI WKHVPDUWJULG ,PSRUWDQWGHVLJQFRQVLGHUDWLRQV
WKDWQHHGWREHWDNHQFDUHIRUWKHGHYHORSPHQWRIDVPDUWPHWHUDQGWKHUROHRIZLUHOHVVWHFKQRORJLHVWREDVHVWDWLRQ
FRPPXQLFDWLRQ LV GLVFXVVHG E\'HSXUX HW DO>@ ,QWHJUDWLRQ RI VPDUW PHWHUV WR D ZLUHOHVV VHQVRU QHWZRUN
LPSOHPHQWHG XVLQJ 53/ SURWRFRO ZLOO IRUP D HIILFLHQW QHLJKERUKRRG DUHD QHWZRUN1$1 RYHU ZKLFK HQHUJ\
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FRQVXPSWLRQGHWDLOVRIFRQVXPHUVFDQEHFROOHFWHGE\WKHHQHUJ\SURYLGHU7KHGDWDFROOHFWHGLVIRUZDUGHGWRZDUGV
WKHURRWQRGHDFURVV WKHDGKRFQHWZRUNXVLQJ WKH53/SURWRFRO0RVWRI WKHFXUUHQWHQHUJ\PHWHUVSURYLGHZLGH
YDULHW\RIVHULDOLQWHUIDFHVWRUHDGWKHVWRUHGGDWDDYDLODEOHLQWKHVPDUWPHWHU:HKDYHXVHGDQHQHUJ\PHWHUZKLFK
KDVLPSOHPHQWHGWKHVLPSOHPRGEXVSURWRFROWRUHDGWKHDYDLODEOHGDWDIURPWKHVPDUWPHWHU
)LJ7RSRORJ\GLVFRYHU\RIWKHQHWZRUNE\53/

,5,6PRWHVIURP&URVVERZWHFKQRORJLHVZHUHXVHGDVWKHQRWHVWKDWLQWHUDFWZLWKWKHHQHUJ\PHWHUVDQGIRUPWKH
ZLUHOHVVVHQVRUQHWZRUN,5,6PRWHVKDYHDQLQEXLOWPLFURFRQWUROOHU$WPHO$7ZKLFKKDVDVHULDOSRUW7LQ\26
SURYLGHVFRPSRQHQWVWKDWDOORZFRPPXQLFDWLQJZLWK WKHPRWHWKURXJKWKHVHULDO LQWHUIDFH7KHFRPSRQHQWGHWDLOV
DQGWKHLUUHVSHFWLYHLQWHUIDFHVDUHJLYHQLQWKH7DEOH
7DEOH&RPSRQHQWVDQG,QWHUIDFHVRI7HVW53/&RPSRQHQW
&RPSRQHQWV ,QWHUIDFHV
7HVW53/& /HGV%RRW7LPHU
 53/5RXWLQJ(QJLQH53/'$25RXWLQJ(QJLQH
 5RRW&RQWURO6WG&RQWURO
 6SOLW&RQWURO8'3
 5HFHLYH$06HQG3DFNHW
6\VWHP6HWXSDQG2XWFRPHV
-DYDDSSOLFDWLRQVZHUHUXQQLQJRQD3&DQGWKHPRWHVZHUHFRQQHFWHGWRWKH3&IRUVHULDOFRPPXQLFDWLRQ
)LJ6\VWHPVHWXSIRUGDWDDJJUHJDWLRQXVLQJ,5,6PRWHV
861 C. Gopi and V. Lalu /  Procedia Technology  24 ( 2016 )  854 – 863 
WKURXJK WKH 86% SRUW 6\VWHP VHWXS LV DV VKRZQ LQ WKH )LJ  ,QVWHDG RI XVLQJ D UHDO HQHUJ\ PHWHU VLPXODWLRQ
VRIWZDUHZHUHXVHGWRJHQHUDWHDQGWUDQVPLWWKHHQHUJ\XVDJHGDWDWKURXJKDVHULDOSRUWRID3&DWSHULRGLFLQWHUYDOV
WRWKHPRWHV7KHDSSOLFDWLRQSURJUDPZLOODFFHSWWKHSRUWGHWDLOVRYHUZKLFKWKHGDWDQHHGVWREHWUDQVPLWWHGDQG
RQFHLQLWLDWHGLWJHQHUDWHVDQGVHQGVVHULDOGDWDWKURXJKWKHVHSRUWVWRWKHPRWH0RWHDFFHSWVWKHVHVHULDOGDWDDQG
WKHQ IRUZDUGV WKHGDWD WRZDUGV WKHVLQNQRGHRYHU WKHUDGLRFKDQQHO$W WKHUHFHLYLQJHQG WKHPRWHDFWLQJDV WKH
VLQNQRGHZLOODFFHSWWKHGDWDFRPLQJRYHUWKHUDGLRDQGSDVVLWRQWR3&WKURXJKWKHVHULDOSRUWWRZKLFKWKHVLQN
)LJ6PDUWPHWHUVLPXODWLRQSURJUDPVHULDOGDWD
QRGHLVFRQQHFWHG$-DYDDSSOLFDWLRQZLOOEHUXQQLQJRQD3&WRZKLFKWKHVLQNQRGHLVDWWDFKHGWR7KLVDSSOLFDWLRQ
ZLOONHHSRQPRQLWRULQJWKHVSHFLILHGVHULDOSRUW WRZKLFKWKHVLQNQRGHLVFRQQHFWHGWRDQGUHDGVWKHSDFNHWGDWD
WKDWLWUHFHLYHVRYHUWKHVHULDOSRUW7KHSDFNHWGDWDLVWKHQLQWHUSUHWHGDQGXSGDWHGWRDGDWDEDVHXVLQJ-'%&DVDQG
ZKHQDSDFNHWLVUHFHLYHGE\WKHVLQNQRGH6FUHHQVKRWRIGDWDFDSWXUHDUHJLYHQLQ)LJDQG)LJ
)LJ$SSOLFDWLRQDWWDFKHGWRWKH6LQNQRGH
7KHZHELQWHUIDFHSURYLGHGIRUWKHHQGXVHUVWRPRQLWRUWKHLUHQHUJ\FRQVXPSWLRQZDVGHYHORSHGLQ-DYD-VS8VHUV
DUHSURYLGHGZLWKDVFUHHQDVJLYHQLQ)LJ7KH:HEDSSOLFDWLRQFDQEHPRGLILHGIRURWKHUFRPSOH['60PHWKRGV
)LJ8VHULQWHUIDFHWRYLHZUHDOWLPHHQHUJ\UHDGLQJ
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&RQFOXVLRQ	)XWXUH6FRSH
6PDUWJULGVFDQSOD\DVLJQLILFDQWUROHLQWKH'HPDQG6LGH0DQDJHPHQWRISRZHUZKRVHHIILFLHQF\GHSHQGVRQD
UREXVW FRPPXQLFDWLRQ PHFKDQLVP EHWZHHQ WKH JULG FRPSRQHQWV 6HQVRU QRGHV FDQ EH DWWDFKHG WR WKH JULG
FRPSRQHQWV WR IRUP D :LUHOHVV 6HQVRU 1HWZRUN WKDW FDQ DFW DV D FRPPXQLFDWLRQ EDFNERQH IRU WKH JULG
LQIUDVWUXFWXUH,(7)KDVVWDQGDUGL]HG53/DVDVWDQGDUGSURWRFROIRUORZSRZHUORVV\QHWZRUNV'XHWRWKHYDULDEOH
OLQN TXDOLW\ EHWZHHQ WKH QRGHV RI WKH JULG WKHVH QHWZRUNV FDQ EH FRQVLGHUHG DV ORVV\ QHWZRUNV DQG KHQFH53/
ZRXOGEH WKH LGHDO FDQGLGDWH IRU WKHGDWD URXWLQJ LQ VXFKQHWZRUNV$XWRPDWHG0HWHU5HDGLQJ LQIUDVWUXFWXUHZDV
VXFFHVVIXOO\LPSOHPHQWHGLQWKLVSURMHFWDQGDZHELQWHUIDFHZDVSURYLGHGIRUWKHFRQVXPHUWRNQRZWKHUHDOWLPH
FRQVXPSWLRQGHWDLOV7KHIROORZLQJFDQEHWDNHQXSDVWKHIXUWKHUDUHDVWRZRUNRQWRKDYHIXOOIOHGJHG$0,VHWXS
XVLQJWKH53/IRUDVPDUWJULGLQIUDVWUXFWXUH

x 2EMHFWLYH)XQFWLRQEDVHGRQSURSHUWLHVOLNHOLQNTXDOLW\FULWLFDOLW\RIWKHQRGHUHPDLQLQJHQHUJ\HWFFDQEH
LGHQWLILHGDQGLPSOHPHQWHGWRFDOFXODWHWKH5DQNYDOXH5HVXOWVFDQWKHQEHFRPSDUHGZLWKWKHVWDQGDUG
LPSOHPHQWDWLRQV
x 3RVVLELOLW\RI,QWHJUDWLRQZLWKKLHUDUFKLFDOSURWRFROVWRVXSSRUWDJJUHJDWLRQ
x +DUGZDUHLQWHUIDFLQJRI,5,6PRWHVWR'LJLWDO(QHUJ\PHWHUVLPSOHPHQWLQJ0RGEXVSURWRFRO
x 'HYHORSPHQWRIDSSOLFDWLRQWRSDVVFRPPDQGVIURPWKHFRQWUROFHQWHUWRWKHHQGGHYLFHVXVLQJWKH3RLQWWR0XOWL
3RLQWGDWDWUDQVIHUFDSDELOLW\RI53/
x ,PSOHPHQWDWLRQRIDVZLWFKLQJV\VWHPWRFRQWUROWKHGHPDQGDWWKHFXVWRPHUSUHPLVH

5HIHUHQFHV
>@ >@ $QFLOORWWL ( %UXQR 5 &RQWL 0 7KH UROH RI WKH 53/ URXWLQJ SURWRFRO IRU VPDUW JULG FRPPXQLFDWLRQV&RPPXQLFDWLRQV
0DJD]LQH,(((YROQRSS-DQXDU\GRL0&20
>@ $QFLOORWWL ( %UXQR 5 &RQWL 0 53/ URXWLQJ SURWRFRO LQ DGYDQFHG PHWHULQJ LQIUDVWUXFWXUHV $Q DQDO\VLV RI WKH XQUHOLDELOLW\
SUREOHPV6XVWDLQDEOH,QWHUQHWDQG,&7IRU6XVWDLQDELOLW\6XVWDLQ,7YROQRSS2FW 
>@ 'HSXUX 6665 /LQJIHQJ :DQJ 'HYDEKDNWXQL 9 *XGL 1 6PDUW PHWHUV IRU SRZHU JULG ² &KDOOHQJHV LVVXHV DGYDQWDJHV DQG
VWDWXV3RZHU 6\VWHPV &RQIHUHQFH DQG ([SRVLWLRQ 36&(  ,(((3(6 YRO QR SS  0DUFK  GRL
36&(
>@ 'L :DQJ =KLIHQJ 7DR -LQ\XQ =KDQJ $ERX]HLG $$ 53/ %DVHG 5RXWLQJ IRU $GYDQFHG 0HWHULQJ ,QIUDVWUXFWXUH LQ 6PDUW
*ULG&RPPXQLFDWLRQV :RUNVKRSV ,&&  ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ YRO QR SS  0D\  GRL
,&&:
>@ (URO.DQWDUFL00RXIWDK+7:LUHOHVV6HQVRU1HWZRUNVIRU&RVW(IILFLHQW5HVLGHQWLDO(QHUJ\0DQDJHPHQWLQWKH6PDUW*ULG6PDUW
*ULG,(((7UDQVDFWLRQVRQYROQRSS-XQHGRL76*
>@ *XQJRU9&%LQ/X+DQFNH*32SSRUWXQLWLHVDQG&KDOOHQJHVRI:LUHOHVV6HQVRU1HWZRUNV LQ6PDUW*ULG,QGXVWULDO(OHFWURQLFV
,(((7UDQVDFWLRQVRQYROQRSS2FWGRL7,(
>@ 9HKEL & *QJ|U 'LODQ 6DKLQ 6DOLK (UJW &RQFHWWLQD %XFFHOO &DUOR &HFDW *HUKDUG 3 +DQFNH  6PDUW *ULG 7HFKQRORJLHV
&RPPXQLFDWLRQ 7HFKQRORJLHV DQG 6WDQGDUGV,QGXVWULDO ,QIRUPDWLFV ,((( 7UDQVDFWLRQV RQ YRO QR SS 1RY  GRL
7,,
>@ /L /L ;LDRJXDQJ+X.HWDL +H $ QHZ(+:03 URXWLQJ DOJRULWKP LQ DXWRPDWLFPHWHU UHDGLQJ QHWZRUNV,QGXVWULDO (OHFWURQLFV DQG
$SSOLFDWLRQV,&,($WK,(((&RQIHUHQFHRQYROQRSS-XQHGRL,&,($
>@ 0RKVHQLDQ5DG$+:RQJ9:6-DWVNHYLFK-6FKREHU5/HRQ*DUFLD$$XWRQRPRXV'HPDQG6LGH0DQDJHPHQW%DVHGRQ
*DPH7KHRUHWLF(QHUJ\&RQVXPSWLRQ6FKHGXOLQJIRUWKH)XWXUH6PDUW*ULG6PDUW*ULG,(((7UDQVDFWLRQVRQYROQRSS
'HFGRL76*
>@ 1LFR6DSXWUR .HPDO$NND\D6XOH\PDQ8OXGDJ ³$6XUYH\RIURXWLQJSURWRFROVIRUVPDUWJULGFRPPXQLFDWLRQ´&RPSXWHU1HWZRUNV
9ROXPH  ,VVXH   -XO\  3DJHV   (OVHYLHU '2, MFRPQHW
KWWSZZZVFLHQFHGLUHFWFRPVFLHQFHDUWLFOHSLL6
>@ 6DPDGL30RKVHQLDQ5DG$+6FKREHU5:RQJ9:6 -DWVNHYLFK - 2SWLPDO5HDO7LPH3ULFLQJ$OJRULWKP%DVHGRQ8WLOLW\
0D[LPL]DWLRQ IRU 6PDUW *ULG )LUVW ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ6PDUW *ULG &RPPXQLFDWLRQV 6PDUW*ULG&RPP  YRO
QRSS2FWGRL60$57*5,'
>@ 6DQJ+\XQ/HH 6DQJ-RRQ/HH .\XQJ,O0RRQ ³1HZ'HPDQG0DQDJHPHQW 6FKHPH IRU 6PDUW*ULGZLWK 3RWHQWLDO8VH RI:LUHOHVV
6HQVRU 1HWZRUNV´    $GYDQFHG 6FLHQFH DQG 7HFKQRORJ\ /HWWHUV 9RO &XOWXUH DQG &RQWHQWV 7HFKQRORJ\  SS
KWWSG[GRLRUJDVWO
863 C. Gopi and V. Lalu /  Procedia Technology  24 ( 2016 )  854 – 863 
>@ 2OID*DGGRXU$QLV.RXEDD³53/LQD1XWVKHOO$6XUYH\´&RPSXWHU1HWZRUNV,VVXH6HSWHPEHU3DJHV
(OVHYLHU
>@ -HRQJ*LO.R'DZVRQ+DJJHUW\6WHSKHQ*QDZDOL2PSUDNDVK'DYLG&XOOHU$QGUHDV7HU]LV ³(YDOXDWLQJ WKH3HUIRPDQFHRI53/DQG
/R:3$1LQ7LQ\26´$&0,361¶$SULO&KLFDJR,OOLQRLV
>@0HOLNH(URO.DQWUDFL+XVVHLQ70RXIWDK³7RX$ZDUH(QHUJ\0DQDJHPHQWDQG:LUHOHVV6HQVRU1HWZRUNVIRU5HGXFLQJ3HDN/RDGLQ
 6PDUW*ULGV´,(((
>@0LNORV0DURWL±IRUWKHVDPSOH1HV&FRGHVIRU7LQ\26

